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Beneficial Effect of Donepezil on
Sensorimotor Function After Stroke

ABSTRACT

Berthier ML, Pujol J, Gironell A, Kulisevsky J, Deus J, Hinojosa J,
Soriano-Mas C: Beneficial effect of donepezil on sensorimotor function
after stroke. Am J Phys Med Rehabil 2003;82:725–729.

Pharmacotherapy of poststroke sensorimotor deficits is currently used
alone or combined with physiotherapy to promote recovery of mobility
problems. This case study examined the effectiveness of donepezil
hydrochloride (HCl) administered to a stroke patient with chronic,
dense, left sensorimotor deficit. The patient received donepezil HCl (5
mg daily for 4 wk, followed by 10 mg daily for 12 wk) but no physio-
therapy. Baseline and posttreatment evaluations were performed with
the Fugl-Meyer scale and the Rivermead Mobility Index. One month
after starting donepezil HCl (10 mg/day), sensorimotor function im-
proved dramatically in the hemiplegic lower limb and shoulder. It was
concluded that donepezil HCl may be an effective treatment for improv-
ing sensorimotor function in chronic stroke patients. Randomized con-
trolled trials are required to support these preliminary findings.
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Large hemispheric infarcts impede the functional recovery of contralateral
sensorimotor deficits by reducing the capacity of surviving peri-infarct tissue for
reorganization.1 Although some recovery of motor function occurs in the weeks to
months after the stroke, the effectiveness of conventional physiotherapy in cases
showing little or no spontaneous functional recovery is limited, particularly when
mobility problems remain for �1 yr.2 However, a new physiotherapeutic technique
for the densely hemiplegic upper limb (constraint-induced movement therapy)
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produces prolonged functional im-
provement,3 and psychostimulant
treatments in combination with phys-
iotherapy improve functional motor
recovery.4,5

Pharmacologic treatments in
stroke patients are directed to restore
neurotransmitter system deficien-
cies, and agents that restore or aug-
ment norepinephrine, dopamine, and
serotonin activity have been used to
promote recovery of hemiplegia, ne-
glect, and aphasia.4–6 Recent studies
in animal models and in humans in-
dicate that central cholinergic neuro-
transmission is involved in motor
function.7–9 A positron emission to-
mography study in monkeys found
that activation of the somatosensory
cortex induced by contralateral so-
matosensory stimulation is abolished
by scopolamine and reversed by phy-
sostigmine and tacrine.7 Transcranial
magnetic stimulation (TMS) studies
in healthy volunteers found that an-
tagonists of muscarinic receptors (at-
ropine, scopolamine) modify the ex-
citability of the motor cortex8 and
substantially attenuate the magni-
tude of use-dependent plasticity.9

Donepezil hydrochloride (HCl) is a
reversible acetylcholinesterase inhib-
itor with a selective central action.10

It is safe and widely prescribed to
improve cognition and memory in
patients with Alzheimer’s disease and
other neurologic conditions (i.e.,
head trauma).10,11 To evaluate the ef-
ficacy of cholinergic therapy in im-
proving sensorimotor deficits associ-
ated with stroke, we used donepezil
HCl to treat a stroke patient and ex-
amined its effects on cortical reorga-
nization using functional magnetic
resonance imaging (fMRI) and neuro-
physiologic techniques.

CASE REPORTS

The patient was a 64-yr-old,
strongly right-handed woman who,
at age 59, suffered a large right-hemi-
sphere ischemic infarction, which
left her with a dense left hemiplegia,

left hemisensory loss, and “crossed”
conduction aphasia. After the stroke,
she received two sessions of tradi-
tional physiotherapy daily for 2 yr.
Because she was unable to recover
voluntary movements, physiotherapy
was stopped, and she had not received
physiotherapy since then. By that
time, an MRI disclosed a large infarct
in the vascular territory of the right
middle cerebral artery involving the
temporoparietal cortex and extending
deeply into the posterior insula, pu-
tamen, corona radiata, and internal
capsule. There was a severe shrinkage
of the right cerebral peduncle. The
inferior frontal, primary sensorimo-
tor, dorsolateral prefrontal, and me-
sial frontoparietal cortices and the
thalamus and a small portion of the
posterior limb of the internal capsule
were spared. Regional cerebral blood
flow, measured with single photon
emission computed tomography and
99m TC-HMPAO (Ceretec, Exameta-
zime, Amersham Madrid, Spain), was
significantly decreased (regions of in-
terest, �0.70 [values in normal con-
trols, �0.93])12 in the whole right
hemisphere, even in those regions
that did not show structural damage
on MRI (thalamus, primary sensori-
motor cortex—lateral and mesial).

On the baseline neurologic eval-
uation, carried out 5 yr after stroke
onset, she had a dense left spastic
hemiplegia for proximal and distal
motor function with sensory loss.
She did not show signs of neglect.
Her score on the Fugl-Meyer scale13

was 10 (motor component for upper
limb, 4 [range, 0–66]; motor compo-
nent for lower limb, 6 [range, 0–34];
sensation, 0 [range, 0–24]), and her
Rivermead Mobility Index14 score was
6 (range, 0–15). A repeat tridimen-
sional MRI confirmed the precise lo-
cation of the infarct.

After signing an informed consent
agreement, the patient received 5 mg
of donepezil HCl daily for 1 mo, fol-
lowed by 10 mg daily for 3 mo, and
thereafter, a 4-wk washout period. Ad-
verse events were monitored during

therapy. Two weeks after receiving
donepezil HCl (5 mg/day), the patient
developed touch- and warmth-evoked
allodynia in the left foot, calf, and fore-
arm. Allodynia lasted 2 wk, and its dis-
appearance coincided with the recovery
of sensation for touch, temperature,
and joint-position sense in the left leg
and arm. Four weeks after starting 10
mg of donepezil HCl, she began to re-
cover voluntary movements of the left
leg and shoulder, but the left hand re-
mained totally plegic. Eight weeks
later, her Fugl-Meyer scale score in-
creased to 34 (motor component for
upper limb, 7; motor component for
lower limb, 18’ sensation, 9) and her
Rivermead Mobility Index score to 13.
Recovery of motor function in the left
foot was associated with the develop-
ment of mirror movements, yet passive
flexion-extension exercises of the left
foot did not elicit visible movements in
the unaffected right foot. Donepezil
HCl did not induce adverse effects.
Withdrawal evaluation 4 wk later re-
vealed the maintenance of gains in sen-
sorimotor function obtained during
treatment (Fugl-Meyer scale score, 34;
Rivermead Mobility Index score, 13).

ANCILLARY STUDIES

Twelve weeks after starting done-
pezil HCl treatment (10 mg/day), the
functional correlates of recovery were
examined with fMRI and neurophys-
iologic techniques (Bereitschaftspo-
tential and TMS).

Functional MRI. The patient was
scanned 12 wk after initiation of
donepezil HCl treatment (10 mg/day)
on a 1.5-T magnetic resonance scan-
ner (Signa, GE Medical Systems, Mil-
waukee, WI) equipped with echo-
speed gradients and single-shot
echoplanar imaging software.15,16

Eight interleaved slices, parallel to
the anteroposterior commissure line,
were obtained for each functional se-
quence to cover the cortical motor
system (four slices).16,17 The func-
tional time series consisted of 60 con-
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secutive images obtained in 3 min, in
which 30-sec periods of rest and ac-
tivation were alternated. The patient
was instructed to perform active, self-
initiated movements of the left foot.
In addition, passive flexion-extension
movements were performed by the
examiner to assess the proprioceptive
sensory input of the motor-sensory
loop.6 Foot exercises were selected
because recovery of motor function
during donepezil HCl treatment
mainly took place in the distal left leg
and because active shoulder move-
ments of the plegic arm induced head
movements.

Bereitschaftspotential. The Bere-
itschaftspotential (BP) recordings
were obtained with an analogic am-
plifier (Grass 8-pluss electroencepha-
logram) and further processed using
an analog/digital converter Neuro-
scan 3.0 (Herdnon, VA). Brisk volun-
tary unilateral extensions of the left
deltoid muscle (recorded by surface
electromyography) were repeated at a
self-paced rate of every 4–5 sec. The
electroencephalographic segments
from 2 sec before to 1 sec after the
trigger movement were digitized and
stored at a sampling rate of 400 Hz.
The stored electroencephalographic
segments were average-time locked
to the precise onset of the rectified
electromyograph, which was deter-
mined through off-line inspection of
each trial. During this procedure, tri-
als with apparently significant arti-
facts were excluded. The amplitude of
the early BP component (650 msec
before electromyographic onset) and
the late BP component (negative
slope, maximal BP negativity peak
minus BP negativity peak at 650
msec before electromyographic on-
set) were identified by visual
inspection.18

TMS. TMS was delivered using a
90-mm outer diameter circular coil,
which was applied centered at the
vertex with a posterior-to-anterior–

induced current for the stimulated
hemisphere (Magstim Rapid, Car-
marthenshire, UK). Motor-evoked po-
tential (MEP) was recorded at the
right abductor pollicis brevis muscle
and at right and left deltoid muscles.
Motor threshold was assessed by ap-
plication of single stimuli for activa-
tion of the right abductor pollicis
brevis muscle. After cortical stimula-
tion at 20% over motor threshold,
latency and amplitude of the MEPs
recorded at deltoid muscles were
measured during maximal voluntary
contraction. Two to four repetitions
were performed, and the latency was
measured to the highest amplitude
reasonable MEP. Cervical root (neck)
stimulation was also performed at
100% of stimulator output to calcu-
late the central conduction time.

RESULTS

Functional MRI. Active flexion-ex-
tension movements of the paretic left
foot basically induced activation of
the contralateral right mesial senso-
rimotor cortex, together with func-
tional activity in the supplementary
motor area (Fig. 1). The activation
pattern was accurately replicated in a
second fMRI trial with the active task,
and similar results were obtained af-
ter passive flexion-extension move-
ments of the left foot (Fig. 1).

Bereitschaftspotential. The voluntary
contraction of the left deltoid muscle
was preceded by a BP of higher ampli-
tude in the ipsilateral electroencepha-
lographic leads, especially in the late
part or negative slope. Ipsilateral leads,
early/late parts: F3, 7.7/11.8 �V; C3,

Figure 1: Functional magnetic resonance imaging. The activation pattern
observed in our patient during left foot flexion-extension movements is shown in
three consecutive slices at the brain’s vertex region. There is a relevant activa-
tion of contralateral sensorimotor cortices, with minor ipsilateral contribution.
Supplementary motor area was activated bilaterally. Similar patterns were
observed in both active and passive situations, although the extension of the
changes was greater in the former. Activation images are displayed in pseudo
color, scaled according to significance, and superimposed on corresponding
anatomic images.
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6.4/7.3 �V; P3, 3.1/4.6 �V. Contralat-
eral leads: F4, 4.5/1.9 �V; C4, 3.3/0.7
�V; P4, 3.1/1.9 �V (Fig. 2).

TMS. Motor threshold for the right
abductor pollicis brevis muscle and
central conduction time elicited with
TMS were within normal limits (62%
and 9.0 msec, respectively). The MEP
latency at the right abductor pollicis
brevis muscle was 22.8 msec and 11.8
msec at the right deltoid muscle. Inter-
estingly, a MEP was also recorded at
the ipsilateral deltoid muscle with a
latency of 24.1 msec (Fig. 2). When
stimulation was applied over the right
motor cortex, no MEPs were recorded
at the abductor pollicis brevis or at the
deltoid muscles, even at the maximal
stimulator output intensity.

DISCUSSION

In the present case, recovery of
chronic sensorimotor deficits fol-
lowed donepezil HCl treatment, ad-

ministered 5 yr after onset. Such a
late response in a stroke patient in
the absence of a concomitant physio-
therapy treatment that can by itself
explain the patient’s recovery, cou-
pled with allodynia preceding sensory
recovery and the improvement of left
foot and shoulder movements, sug-
gest that donepezil HCl enhanced
neural activity in surviving brain sys-
tems. To the best of our knowledge,
this is the first study that examines
the efficacy of donepezil HCL on
poststroke sensorimotor deficits. The
cortical activation pattern correlating
with recovered foot functions was
documented with fMRI as an almost
identical pattern of activation of the
contralateral mesial somatosensory
cortex and the supplementary motor
area during active and passive left
foot movements. Neurophysiologic
techniques (BP and TMS) showed an
enhancement of ipsilateral motor
representations during active move-
ments of the left shoulder, suggesting

recruitment of ipsilateral motor
pathways.19

Structural MRI disclosed a large
right cortical infarct with subcortical
extension and major involvement of
the corticospinal motor and sensory
pathways, except for a small part of
the posterior limb of the internal cap-
sulae and the “leg representation
zone” in mesial somatosensory cortex
(Brodmann’s areas 4, 312, and 5).
Moreover, these structurally intact
peri-infarct regions still showed a
marked hypoperfusion on a brain sin-
gle photon emission computed to-
mography performed 2 yr after stroke
onset. Thus, it is possible that these
islets of spared parenchyma did not
promote functional recovery of the
hemiplegic lower limb under physical
therapy because they remained dis-
connected for a long period after the
stroke as a result of enduring central
input alterations.20

The earliest clinical changes dur-
ing donepezil HCl (5 mg/day) treat-
ment involved improvement of defi-
cits in left foot sensation, perhaps
through a short-lived maladaptive re-
organization resulting in touch- and
warmth-evoked allodynia, followed
by left leg motor recovery and proxi-
mal left arm improvement. Recent
evidence in humans shows that re-
duced input to a cortical sensory re-
gion leads to reduced excitability of
adjacent motor cortex20 and that so-
matosensory stimulation increases
hand muscle strength of stroke pa-
tients.21 It is therefore possible that
donepezil HCl contributes in revers-
ing the deprivation of sensory input
by activating sensory processing and
ultimately promoting motor function
recovery. Maladaptive plastic changes
also occurred for motor function be-
cause functional recovery in the left
foot was associated with the develop-
ment of mirror movements.

Reorganization of the motor sys-
tem was probably not confined to the
contralateral somatosensory cortex.
Less dramatic, though clinically evi-
dent, left shoulder recovery was also

Figure 2: Neurophysiologic studies. A, movement-related cortical potentials
obtained as the patient performed a left deltoid contraction movement. Note
the higher amplitude of the potential obtained at the ipsilateral leads, especially
for the second part of the potential (negative slope). Horizontal calibration, 250
msec; vertical calibration, 5 �V. B, motor-evoked potentials obtained at the
deltoid muscles (contralateral, upper trace; ipsilateral, lower trace) after trans-
cranial magnetic stimulation of the left motor cortex. Note the latency delay of
the response induced in the ipsilateral muscle. Two consecutive trials are
superimposed in each trace to show consistency of the responses. Horizontal
calibration, 5 msec; vertical calibration, 20 �V. EMG, electromyography.
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observed. Because of the virtually
massive damage to the internal cap-
sule, the recovered motor function in
this bodily region was presumably
controlled by ipsilateral structures, as
suggested by BP and TMS, that may
also be receptive to the beneficial ac-
tion of donepezil HCl. Although our
findings suggest that donepezil HCl
is a potentially viable treatment op-
tion for patients with chronic post-
stroke sensorimotor deficits, ran-
domized, controlled clinical trials are
necessary to support these prelimi-
nary findings.
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